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,QWURGXFWLRQ
3DSHUSUHVHQWVSUHOLPLQDU\ UHVXOWV RI WKHSURMHFW ³'HYHORSPHQW RI LQQRYDWLYH VHPLGHVWUXFWLYHPHWKRGRIKLJK
DFWLYHPDWHULDOHYDOXDWLRQIRUQXFOHDUUHDFWRUFRPSRQHQWVOLIHWLPHDVVHVVPHQW´WKDWLVIRFXVHGRQWKHSUHSDUDWLRQRI
FHUWLILHG SURFHGXUH IRU TXDQWLILFDWLRQ RI PHFKDQLFDO SURSHUWLHV RI VWUXFWXUDO PDWHULDOV RI ::(5 W\SH UHDFWRU
FRPSRQHQWV XVLQJ WKH PLQLDWXUL]HG VSHFLPHQV 3URMHFW LV UHDOL]HG IURP  LQ FRRSHUDWLRQ ZLWK WKH &]HFK
7HFKQLFDO 8QLYHUVLW\ LQ 3UDJXH )DFXOW\ RI 1XFOHDU 6FLHQFHV DQG 3K\VLFDO (QJLQHHULQJ 'HSDUWPHQW RI0DWHULDO
6FLHQFH
)LUVWVWDJHRIWKHSURMHFWLQZDVIRFXVHGRQWKHGHWHUPLQDWLRQRIVXLWDEOHPDWHULDOVZLWKDGHTXDWHYROXPH
LQ ERWK XQLUUDGLDWHG DQG LUUDGLDWHG VWDWH IRU SHUIRUPLQJ RI VWDQGDUG WHQVLOH WHVWV DQG$%,7 (VVHQWLDO SDUW RI WKH
SURMHFWZDVDOVRLPSOHPHQWDWLRQRIWKHQHZWHVWLQJHTXLSPHQWLQWRVWDQGDUGODERUDWRU\SURFHGXUHVDQGLQVWDOODWLRQWR
WKHKRWFHOOWRHQDEOHWKHWHVWLQJRILUUDGLDWHGPDWHULDOV
&RPSOHWLRQRIWKHODVWVWDJHRISURMHFWLVSODQQHGRQ'HFHPEHUZLWKHYDOXDWLRQRIVXLWDELOLW\RIWKHPHWKRG
IRUWKHTXDQWLILFDWLRQRIPHFKDQLFDOSURSHUWLHVRILUUDGLDWHG133PDWHULDOVDQGFHUWLILFDWLRQRIWKHWHFKQLTXHE\WKH
&]HFK,QVWLWXWHIRU$FFUHGLWDWLRQ
)DFLOLW\±JHQHUDORYHUYLHZ
)URPÒ-9ěHåD V'LYLVLRQRI ,QWHJULW\DQG7HFKQLFDO(QJLQHHULQJRSHUDWHV WKH IOHHWRIKRWFHOOV
VLWXDWHG LQ WKH IORRUV RI WKH 5DGLRFKHPLVWU\ EXLOGLQJ ,Q WKH ILUVW SHULRG RI RSHUDWLRQ XQWLO  FRQVLGHUDEOH
DWWHQWLRQZDV SDLG WR YHULI\LQJ RSHUDWLRQDO DELOLWLHV RI IXHO HOHPHQWV $IWHU WKH \HDU PRVW RI DFWLYLWLHV DUH
IRFXVHG RQ WKH GHWHUPLQDWLRQ RI GHJUDGDWLRQ RI 133 LUUDGLDWHG VWUXFWXUDO PDWHULDOV HVSHFLDOO\ IURP ::(5
FRPSRQHQWV$W SUHVHQWPDLQ SXUSRVH RI WKH IDFLOLW\ LV WR EH VXSSRUW RI&]HFK 'XNRYDQ\1337HPHOtQ133
6ORYDNDQGVHYHUDO8NUDLQLDQ133VZLWKLQWKHIUDPHRIWKHLU539VXUYHLOODQFHSURJUDPV
%HVLGHV WKH SRUWIROLR RI VWDQGDUG DFFUHGLWHG PHFKDQLFDO WHVWV LPSDFW WHVWLQJ IUDFWXUH WRXJKQHVV HWF LV
ODERUDWRU\DOVRIRFXVHGRQWKHGHYHORSPHQWRILQQRYDWLYHWHVWLQJPHWKRGVDQGWKHLUHPSOR\PHQWWRWKHSURFHVVRI
GHWHUPLQDWLRQRILUUDGLDWHGPDWHULDORSHUDWLRQDOGHJUDGDWLRQ±ZLWKLQ&]HFKJUDQWSURMHFWV(&IUDPHZRUNSURJUDPV
DQG,$($&53V
0DWHULDOV
3URMHFW LV IRFXVHGRQFRQILUPLQJ WKH VXLWDELOLW\RI WKH$%,7 IRU WKHGHWHUPLQDWLRQRIPHFKDQLFDOSURSHUWLHVRI
VWUXFWXUDOPDWHULDOVRI::(5W\SHUHDFWRUVFRPSRQHQWV)RUWKHSXUSRVHVRIWKHSURMHFWZDVSUHSDUHGWHVWLQJPDWUL[
ZLWKLPSRUWDQWPDWHULDOVRI::(5W\SHUHDFWRUV±EDVHPDWHULDO&K0)$ZHOGPDWHULDO&K0)7UHDFWRU
SUHVVXUH YHVVHO FODGGLQJ &K1*% DQG ,$($ FRUUHODWLRQ PRQLWRU $% -54 >@ 3DSHU GHSLFWV
SUHOLPLQDU\ FRUUHODWLRQV RI FRQYHQWLRQDO WHVW PHWKRGV ZLWK LQQRYDWLYH WHVWLQJPHWKRGV REWDLQHG IRU WKH PDWHULDO
$%-54
7HVWLQJDQGHYDOXDWLRQ
4.1. Results of static tensile tests 
2QH RI WKH ILUVW VWHSV ZLWKLQ WKH WHVWLQJ ZDV WR SUHSDUH GDWD EDVH RI VWDQGDUG VWDWLF WHQVLOH WHVWV UHVXOWV IRU
VXEVHTXHQWSUHSDUDWLRQRIFRUUHODWLRQVZLWKSHUVSHFWLYHPHWKRGVRIVHPLGHVWUXFWLYHWHVWLQJ637DQG$%,7
)RUWKHUHDOL]DWLRQRIWHVWVZHUHPDFKLQHGWHQVLOHWHVWLQJVSHFLPHQVZLWKPPGLDPHWHUDQGPPJDXJHOHQJWK
LQ WKH WUDQVYHUVHRULHQWDWLRQ LQRULJLQDOEORFNRIPDWHULDO7HVWVZHUHFDUULHGRXWDW URRPWHPSHUDWXUH &DQG
& LQDFFRUGDQFHZLWK WKH ,62 >@XVLQJYLGHRH[WHQVRPHWHU IRUSUHFLVHPHDVXUHPHQWVRI HORQJDWLRQ
5HVXOWVDUHVXPPDUL]HGLQWKH7DEOH

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4.2. Results of Small Punch Tests 
6PDOOSXQFKWHVWPHWKRGLVEDVHGRQWKHWHVWLQJRIWKLQFODPSHGVSHFLPHQVXVLQJVHPLVSKHULFDOSXQFKZLWKWKH
PHDVXUHPHQW RI WKH VSHFLPHQ GHIOHFWLRQ 6FKHPH RI WKH WHVW LV VKRZQ RQ WKH )LJ D 2EWDLQHG UHVXOWV FDQ EH
FRUUHODWHGZLWKVWDQGDUGWHQVLOHWHVWUHVXOWV
6PDOO SXQFK WHVWV ZHUH FDUULHG RXW RQ WKH HOHFWURPHFKDQLFDO WHVWLQJPDFKLQH ,167521 LQ DFFRUGDQFHZLWK
&:$GRFXPHQW>@RQWKHURXQGVSHFLPHQVZLWKWKHGLDPHWHURIPPDQGWKLFNQHVVRIPPSUHSDUHG
ZLWKHOHFWULFGLVFKDUJHPDFKLQLQJDQGSROLVKLQJ
(YDOXDWHG\LHOGVWUHQJWKGDWDZHUHIURP637REWDLQHGE\HPSLULFDOFRUUHODWLRQVEHWZHHQ63DQGVWDQGDUGL]HGWHVW
UHVXOWVRQWKH8-9ěHåDVODUJHGDWDEDVHRIEDVHPDWHULDOV,WZDVREVHUYHGWKDWWKHQDWXUHRIWKHORDG±GHIOHFWLRQ
FXUYH )LJ E YDULHV VLJQLILFDQWO\ZLWK WKH VSHFLPHQ WKLFNQHVV K7KH HIIHFW RI WHVW VSHFLPHQ WKLFNQHVV FDQ EH
HOLPLQDWHGE\FRUUHODWLQJ\LHOGVWUHVVZLWKSDUDPHWHU)HK5HVXOWVRIWHVWVDUHVXPPDUL]HGLQ7DEOH


)LJD&RQILJXUDWLRQRIWKHWHVWLQJDSSDUDWXVVSHFLPHQSXQFKUHFHLYLQJGLH±FODPSLQJGLHE5HFRUGHGORDG
±VSHFLPHQGHIOHFWLRQFXUYHRIDVPDOOSXQFKWHVWVDPSOH
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4.3. Results of ABIT 
0HWKRGLVEDVHGRQWKHSULQFLSOHRIVWUDLQFRQWUROOHGPXOWLSOHLQGHQWDWLRQVDWDVLQJOHSHQHWUDWLRQORFDWLRQRQD
SROLVKHGVXUIDFHE\DVPDOOVSKHULFDOLQGHQWHUYDULRXVGLDPHWHUVIURPWRPP,QVWUXPHQWHGWHVWPHWKRG
LVIXOO\DXWRPDWLFDQGGRHVQRWUHTXLUHWKHGLDPHWHURIWKHLQGHQWDWLRQWREHPHDVXUHGDIWHUWHVWLQJ6FKHPHRIWKH
WHVWLVVKRZQRQWKH)LJDH[DPSOHRIWHVWUHVXOWVRQ)LJE


)LJD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([DPSOHRIORDGLQJGLDJUDP
RIDXWRPDWHGEDOOLQGHQWDWLRQWHVW
)RUWKHSXUSRVHVRIWKHSURMHFWQHZHOHFWURPHFKDQLFDOWHVWLQJPDFKLQH,167521PRGLILHGWRN1ORDG
LQN1UHLQIRUFHGIUDPHZDVERXJKWDQGLQVWDOOHGLQWRVHPLKRWFHOO5HVXOWVIRUWKHLQGHQWHUGLDPHWHURIPP
DQGPPFDUULHGRXWZLWKWKHORDGLQJUDWHVRIN1DQGN1SHUPLQXWHDUHVXPPDUL]HGLQWKH7DEOH
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&RQFOXVLRQV
%DVHGRQREWDLQHGUHVXOWVRQWKH,$($UHIHUHQFHPDWHULDO$%-54FRUUHODWLRQEHWZHHQVWDQGDUGWHQVLOHWHVW
DQG$%,WHVWVZDVSUHSDUHGDVZHOODVFRUUHODWLRQZLWK6PDOO3XQFKWHVWUHVXOWV)LJ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%RWKVHPLGHVWUXFWLYHWHVWLQJPHWKRGVVKRZHGWREHYHU\SURPLVLQJIRUDVVHVVPHQWRIVWUXFWXUDOLUUDGLDWHG133
PDWHULDOVGHJUDGDWLRQ(YDOXDWHG UHVXOWVRI$%,7DQG637VKRZYHU\JRRGFRUUHODWLRQZLWK UHVXOWV IURPVWDQGDUG
WHQVLOHWHVWLQJ
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$WSUHVHQWIRUWKHHPSOR\PHQWRIWKHPHWKRGLQWRVWDQGDUGSRUWIROLRRIODERUDWRU\WHVWWHFKQLTXHVLVQHFHVVDU\WR
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